Abstract. The shear forces and corresponding strains appearing in the flow under the action of chemical potential gradient have been analyzed. The ratios for determination of the viscosity coefficient for lowmolecular pure liquids and solution components were established. It was proved that the viscosity of the lowmolecular solution can be expressed via the terms of the viscosity coefficients of its components and via their concentration.
Introduction
The temperature dependence of the viscosity coefficient for the low−molecular elementary liquids is well described by the Arrhenius empirical equation: } exp{ RT E A = η (1) where Е is the activation energy of the viscous flow. However, the theoretical interpretation of the preexponential factor А faces considerable difficulties which have not been overcome till the present time.
Among the molecular-kinetic theories of lowmolecular liquids complying with the Newton's equation, let us mark out two main formulated by Frenkel [1, 2] and by Eyring [3] [4] [5] .
In accordance with the Frenkel's theory under the presence of a shear strain σ the rapid layer of liquid entrains the slow one with the velocity rate ϑ ∆ : 2 σδ u = ∆ (2) where u is the mobility of particle and δ is the interparticle distance. 
Substitution of the Einstein's equations into (3) kT D u / = (4) τ δ 6 / 2 = D (5) leads to the final result 3 / 6 δ τ η kT = (6) where D is the coefficient of the diffusion; τ is the characteristic time of the particles transport from the one equilibrium state into another, which can be also called as the characteristic time of the viscous flow.
According to Frenkel τ is determined by the oscillation frequency in the quasi-lattice of liquid and by the probability of the hole formation, i. e. corresponding free volume needed for the particle transport:
Therefore, here τ 0 is the characteristic time of the oscillating movement of a particle in the quasi-lattice of liquid; E is energy of hole formation or of the free volume in liquid, which is necessary to pass the particle from one position of equilibrium into another.
After the integration of (6) and (7) RT E kT τ δ η = (8) In the calculations Frenkel assumed that 13 -0 10 = τ s, which is equal to the determination 0 / = hkT τ (9) However, the calculations of the pre-exponential multiplier in (8) sometimes give the values exceeding the experimental ones by 2-3 orders. These divergences were explained by Frenkel by the dependence of E on temperature; however, such phenomenon is observed very seldom.
In molecular-kinetic theory of Eyring the starting principle consists in the fact that the action of force causing the liquid flow decreases the height of the energy barrier at the movement of particle in the forward direction and increases it in the backward direction. The rate constant к of the particles transfer via the potential barrier is described by the standard equation of the theory of absolute rates of chemical reactions:
where Q and Q * are the statistical sums of the particle per unit of volume in main and activated states respectively.
Under considerable following simplifications the force of shift disappears from the equation of transfer. As a result, the expression for the viscosity coefficient according to Eyring becomes as follows:
where V is the molar volume of liquid. Assuming that the statistical sum Q * of particle in the activated state is devoid of one freedom degree of the transitional movement, Eyring writes:
where υ f is free volume per one particle. Let us note, however, that in accordance with the starting Eq. (10) Q * is already devoid of one freedom degree of the oscillating movement, otherwise the comultiplier kTh would not appear in Eq. (10). Making Q * devoid of another freedom degree, namely, the transitional one, would be absolutely physically unjustified.
Although the expression (12) in the presented case is fitting of theory to the result, let us use it for determination of characteristic time of the translational movement:
By combining of (12) and (13) into (11) we can obtain:
In accordance with the Frenkel's equation (7) such expression can be written as follows: In these equations Ν i is molar part of the component; η i is its coefficient of viscosity in pure liquid state; η 12 is additional viscosity, which, in accordance with Frenkel, reflects the difference in energies of interaction of particles by the first and the second kinds between themselves and between the particles of the same kind.
In conclusion of the presented short review let us note that the molecular-kinetic analysis of Frenkel and Eyring as to viscosity coefficients for pure liquids leads to the ratios (15) and (16) containing the general phenomenological factor V RT / τ , which requires the substantiation from more general considerations. Coefficients of viscosity of the solution components in this approach are not revealed. The characteristic time of the viscous flow remains undefined. We will solve these problems in the following chapters.
Coefficient of Viscosity for Low-Molecular Pure Liquid
Let us accept phenomenological determination of the stationary flow Ј of substance, the moving force of which is the gradient of the chemical potential μ [7, 8] as the starting point for the analysis. Let us write these flows along the direction of the x and y axes:
where L is the transfer coefficient having the dimension of the diffusion coefficient; с is the molar-volumetric concentration of particles. For pure liquid at Т = const the chemical potential μ is the function only of pressure Р. That is why it can be written as // ∂∂=∂∂ xVPx µ , where V is molar volume. Since Vc = 1, instead of the (19) we will get
The flows can be expressed also via the transfer rate u and concentration c: =
ii Jcu . Then, with taking into account Eq. (20) we will have:
By differentiating of u x upon y, and u y upon x, we will obtain From the comparison of (22) and (23) follows:
Next, in liquid let us separate the elementary cube with the edges δ. The sectional elevation of this cube by the plate ху is shown in Fig. 1а . Let is assume that in the center of the cube the gradient of pressure in direction х is equal to -/ ∂∂ Px .
Since -/ ∂∂ Px is the force acting on a unit of the volume of liquid, full force F xx , acting on the whole volume 3 δ of cube in the direction of the х axe will be equal to The difference in these forces creates the shear forces F xy , applied to the top and the bottom of cube faces, normal to the axe у (see Fig. 1а ): Fig. 1b . By substituting of (32) in (24), we obtain:
Next using the Einstein's ratio for the transfer coefficient 2 
which takes into account the randomness of the particle wandering in all three directions of space, we finally find:
Partial Coefficients of the Components of Low-Molecular Solution
Let us determine the flows of i-component of the solution along х and у axes according to the formula (19):
Due to the difference in the transfer coefficients L i of the solution components it can be formally supposed that the conditions similar to the components separation in the baromembrane process can appear in the hydrodynamic flow [8] . In the last case these conditions are realized at the expense of a high gradient pressure upon membrane layer and a great difference in transfer coefficients L i and L j via the membrane.
However we suppose that at the viscosity change the hydrodynamic flows are weak enough and the effect of the components separation can be neglected. 
Expressing these flows in a form = 
Let us again refer to the elementary cube of volume δ 3 ( Fig. 1 ). In the center of this cube the force acts on the presented component along the x axe; this force, as it was noticed, is equal to −∂∂ i Px ϕ . Taking into account the volume of cube, we have:
The force F ixx depends on coordinate у, that is why we write the new forces at х = 0, but at /2 = y δ and /2 =− y δ : 
The difference in these forces creates the shearing forces F ixy , applied to the cube faces, normal to у axe, which determine the shear stresses 2 / = ixyixy F σδ . In particular, in the direction of F ixx the shear stress on the top face of cube will be equal to:
Using this ratio in (43), we obtain: 
Characteristic Time of the Viscous Flow
As it can be seen from the phenomenological expressions (35) and (49), the main problem at the viscosity coefficient calculation is the determination of the characteristic time τ of the viscous flow. According to Frenkel τ can be described by the expression (7), in which τ 0 is determined either by vibration freedom degree of liquid particles or by the translational one, in others words by the ratios (9) or (13), respectively.
In order to compare the experimental values of τ 0 with the calculated ones according to (9) and (13), we described the temperature dependence of viscosity for a series of n-alkanes and n-alcohols, and also for water on the basis of referenced data via the Arrhenius equation in the following form:
lnln =+ AERT η (53) Coefficients of this equation are represented in the Table. On the basis of viscosity values at temperature 293 К, according to (35) the values τ 293 , and after that according to (7) the values τ 0 were calculated. The results of the calculations are represented in the Table. At Т = 293 К the characteristic time of the oscillating movement is equal to hkT , although is of the same order, but for the associated liquids, n-alcohols and water, τ 0 is considerable less than / hkT . Besides, in a series of the n-alcohols a well-defined slope opposition of the dependence between the activation energy of the viscous flow and τ 0 is observed: the greater is Е, the less is τ 0 . Both factors, i.e. 0 / << hkT τ and observed slope opposition compensation effect, cannot be explained using the approximations of Eyring and Frenkel. In the Eyring's theory of the absolute reactions rates there are three essential drawbacks: а) the concentration of the activated complexes can be found from the consideration of condition of their equilibrium with the initial (or final) substances; b) the activated complex is devoid of one freedom degree along the coordinate of the reaction; с) the transmission coefficient is the empirical co-multiplier.The approach that preserves the main advantages of the theory of absolute reactions rates but eliminates the listed above drawbacks is described in detail in [9] . Here let us only shortly touch upon it with the specific aim of the analysis of characteristic time of viscous flow.
Let the elementary reversible reaction
proceeds via the activated complex С, general for initial and final substances. Then it can be written as:
(55) In accordance with (55), the activated complex С has a right to roll back from the top of the potential barrier into both potential holes with the frequencies ν 1 and ν 2 , which are not the activation parameters. Parameters к 1 and к 2 are activation parameters. In other words, they depend on the value of the potential barrier, and determine the frequencies of the activated complexes formation from the initial and final substances respectively.
Let а, b and с be the concentrations А, В and С. If an equilibrium Maxwell−Boltzmann distribution of the energy between the particles and their freedom degrees is kept in the system, then in accordance with the law of mass action the following ratios should be performed:
(60) where K 1 and K 2 are equilibrium constants of the activated complexes formation from the initial and final substances respectively.
By substituting these ratios in (59) and comparing them with (56) we will obtain the following expressions for the constants rates of direct and reverse elementary reaction (54):
With respect to the analysis of the characteristic time of viscous flow the constant rate к of the particles transfer via the potential barrier can be presented by analogous (61) expression:
where K * is the constant of equilibrium of activated complex with particles in the main state. It can be described by usual thermodynamical ratio via the standard entropy ΔS * and enthalpy ΔH * of activation:
Let us admit that the movement of the activated complex in the both directions of the transfer is determined by the oscillating freedom degree in such a way that 12 / kTh νν == . Then:
Here the value of the transmission coefficient is well defined. Characteristic time of the transfer is inversely proportional to к, that is why:
and for τ 0 we have the following expression:
In accordance with the data of In accordance with the conclusion (62) the activated complex has not only the same number, but also the same freedom degree as the particles in the main state. That is why in the presented case we cannot obtain ΔS * > 0 at the expense of freedom degrees redistribution at the particle transfer from the main state into the activated one. Since at given Р and Т the activation is accompanied by the energy increasing, the entropy should also increase like it increased at the phase transition of the first kind at ΔН > 0.
Thus, we suppose, that in the activation process at viscous flow of liquid the change of ΔS * can be expressed via ΔH * similarly as at the phase transition of the first kind. Activation process at the given Р and Т is nonequilibrium, however theoretically at a given Р a hypothetic temperature Т * at which the activation transition would be equilibrium can be always found. Consequently, at this temperature Т * :
(67) Then the expression (66) can be rewritten as:
Calculated values of Т * according to (67) for the n-alcohols and water are represented in the Table. For homological series of n-alcohols the values of Т * are not considerably different from one another, which explains the experimentally observed the slope-opposition dependence of τ 0 on * ∆≈ HE . In conclusion of the presented section it is necessary to note that the activation entropy by (67) type occurs also in chemical processes as one of the elements of the general activation entropy. This fact is proved both by rapidly observed compensation effects in a range of the single-type chemical reactions, and by the presence of so called quick reactions, description of which is beyond the Eyring's theory.
Calculation of the Diffusion Coefficients Based on the Coefficients of Viscosity
Experimental determination of the diffusion coefficients D is a quite complicated and labour intensive process, whereas the experimental determination of the coefficients of viscosity is not so complicated.
The long ago established empirical Walden's rule η≈ Dconst 
The calculated values of D according to (72) with the use of experimental data of η at Т = 293 К are represented in the Table. As we can see, the calculated data of D have a typical order for the liquids by similar kind, clearly reflect the dependence of D on molar mass in the presented homolytical range and on the nature of homolytical range.
For the solutions the determination of coefficients of diffusion of components on the viscosity is a more complicated task. In accordance with (48) and (71) we have:
where V is molar volume of the solution. Thus
MMN is molar mass of the solution.
As we can see, the calculation of the coefficient of diffusion of the solution's component according to (73) needs the knowledge, first of all, of the coefficient of the viscosity of the presented component and its partial-molar volume.
Conclusions
An analysis of the molecular-kinetic theories of Frenkel and Eyring leads to the expressions for the coefficients of viscosity of low-molecular pure liquids, containing the V RTτ ratio. From the general phenomenological determinations of the substances flow under the action of the gradient of chemical potential and analysis of the shear forces and corresponding tensions appearing in the flow it was proved that the viscosity coefficient of pure liquid is ordered to the ratio V RT / 3 τ η =
, and in the case of the component of solution it is ordered to the ratio The expressions were proposed, according to which the coefficients of the self-diffusion and diffusion based on corresponding coefficients of the viscosity of low-molecular pure liquids and melts can be calculated.
An analysis of the Maxwell's equation and the deformation rates of the conformational volumes of polymeric chains and their rotation allowed to separate the frictional and elastic coefficients of the viscosity of highmolecular single-component liquid. It was shown that exactly the elastic coefficient of the viscosity is gradiently depended value. At the same time, the so called maximal Newton viscosity at 0 → g is not such value and it is represented by a sum of frictional and elastic components. On the contrary, at →∞ g the effective viscosity is wholly determined only by the frictional component. 
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